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(54) Mass spectrometer 



(57) A laser mass spectrometer comprises an electrode system and an ion detector system 1 8 supported 
on a mounting flange 10 through which their electrical connections 16 pass. The electrode system defines 
an ionisation space 20, an ion acceleration space 25 and a time-of-flight path 28 which is surrounded by a 
shield electrode 30. The shield electrode 30 and the electrode system are removably mounted on support 
rods (66) extending in the axial or ion path direction, to allow accommodation to an adjacent apparatus or 
vacuum system. The distance between the mounting flange 10 and the ionisation space 20 may be varied 
to provide time-of-flight paths of different length. Ionisation is effected by radiation from a laser 32 which 
passes through a window 35 in the flange. A light guide is also provided for directing radiation emitted by 
an ionized substance in the space 20 to spectroscopic apparatus 48. 
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SPECIFICATION 

Mass spectromet r 

5 The present invention relates to a mass spec- 70 
trometer, more specrficaly a mass spectro- 
meter in which a substance to be investigated 
is ionized by laser radiation. 
A mass laser spectrometer of this general 

10 type is described in the applicants publication 75 
"Ultrasensitive Fingerprint Detection of Orga- 
nometallic Compounds by laser Multiphoton 
lonisation Mass Spectrometry" Appl. Phys. 
Lett. 45 (11), 1 December 1984. 

15 Mass spectrometers of this type generally 80 
comprise, as main components, along an axis 
in the order named: an ionisation space or 
chamber into which a laser radiation be?m is 
focussed for ionizing a substance- or sub- 

20 stances to be investigated or detected; an ad- - ~85 
jacent acceleration space or path for ntiss- 
^ dependent acceleration of the ions produced, 
It: then an essentially, fieldfrde time-pf-flight or.- •/- 
separation space, within which the ions with f . 

25 different e/m ratios (e electric charge;, ni «=»- ^ 90 
mass), separate because of 'their different velo- 
cities, and a 'detector system for th&. sep?- 
, rated ions. The ionisation may be wavelength 
\ selective or in selective'. \ 

30 A deficiency of the Knovyn laser, mass spec- - 95 
trometers of this type is that they cannot be K 
accommodated easily to "adjacent systems or // 

apparatus of different configurations wftfn - . 

which the mass spectrometer is to be used/ 

35 More specifically, the distance between the 100 
place where the ions are produced and^the -x 
port or mounting flange, (whiclvis provided at ~ 
the vacuum vessel of the respective Tsystem or 
apparatus with which the rhass ^spectrometer 

40 is used) is qurttf?different from apparatus to 105 
apparatus. It has previously generally beeiv% 
necessary to modify the apparatus to align it 
with an existing commercial mass spectro- 
meter. 

45 A further problem encountered with the 110 
known mass spectrometers is that molecular 
substances are often severely fragmented by 
the ionizing radiation so that ions of parts of 
the original substance, rather than the so- 

50 called "parent" (or "mother") ion, are pro- 115 
duced and detected. 

It is further desirable to obtain further infor- 
mation about the substance under investiga- 
tion in addition to that provided by the mass 

55 spectrogram. 120 
The present invention attempts to solve or 
alleviate these problems. According to a first 
aspect a mass spectrometer comprises an 
electrode system having a plurality of control 

60 electrodes, defining an ionisation space and an 125 
ion accelerating space; a shield electrode sur- 
rounding a time-of-flight separation path; the 
ionisation space, the acceleration space and 
the separation path being arranged in the or- 

65 der named along an axis; detector means po- 130 



sitioned at the end of the separation path re- 
mote from the acceleration space; a mounting 
flange provided with means for electrical con- 
nection of the control electrode and of the ion 
detector means; and the shield electrode being 
removably mounted on support members ex- 
tening in the said axial direction. 

The means for electrical connection prefera- 
bly comprises connecting means passing 
through the mounting flange (lead-through 
means). 

According to a second aspect a mass spec- 
trometer comprises an electrode system defin- 
ing an ionisation space, an ion acceleration 
space, separation means and detector means 
positioned in the order named along an axis, 
means for ionizing a substance within the ioni- 
sation space, and means for coupling out radi- 
ation emitted in the ionisation space. 

In a preferred embodiment of the pres nt 
invention, the electrode encompassing^the 
separation path is mounted on axially^extend- 
ing support members so that it can be easily 
replaced by a similar electrode of different 
length. At least one of a pair of electrodes 
defining the ionization sfc>ace may be rhounted 
on'*electrical conductors^which in turn are 
mounted axially adjustably on mounting mem- 
bers supported by a reruovable support body. 

The invention may be .carried into practice in 
various ways and one specific embodiment 
will now be described by way of example, 
with reference to the drawings, in which: 
_5~- Figure 1 is a simplified view of a laser mass 
spectrometer in accordance with the present 
invention; 

Figure 2 is an axial section of a flange end 
of a preferred embodiment of a laser mass 
spectrometer; 

Figure 3 is a view in the direction of the 
arrows Ill-Ill of Figure 2; 

Figure 4 is an axial section of the ion source 
end of the mass spectrometer of Figure 2; 

Figure 5 is a view in the direction of the 
arrows 5-5 of Figure 4, and 

Figure 6 is a section along the line VI-VI of 
Figure 5. 

As shown schematically in Figure 1, a mass 
spectrometer comprises a measuring system 
with a coupling flange 10 which allows one t 
mount the measuring system in an air-tight 
manner on a flanged port 12 of a vacuum 
system (not shown), in which a substance to 
be investigated by mass spectrometry is pre- 
sent or generated. It is a feature of the pre- 
sent embodiment that all parts f the measur- 
ing system are supported by the flange 10. 
Thus, the measuring system protrudes in a 
cantilever fashion from the flange into the in- 
ner of the vacuum system. The flange 10 
comprises electrical lead-in means 14 (similar 
to an electron tube stem) having a plurality of 
terminal pins 16. An ion detector system 18 
is mounted adjacent the flange, said system 
comprising preferably a double channel-plate 
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multiplier, i.e. a plate system having a multi- 
tude of smaiL diameter channels: operating as 
secondary electron^ multipliers; Such ion detec- 
tors are known and . various types thereof are 
commercially available;, no -further explanation--" 
:is therefore considered necessary. In oper- ~ ' 
ation, a conventional: electronic control and " " 
signal . processing apparatus .(not shown) is 
connected to the terminals '16 of the measure 
ing system.: ■ \ \' 

An ionization. chamber or space 20 defined^ 
by ; - a , pair* of parallel, plane grid or mesh elec--- 
trodes 22, 24, having annular support rings is 
provided at.the; end of the measuring system 
remote -from the mounting* flange. A "further 
grid or mesh electrode; 26, which together * 
-.with the .electrode. 24\defines an ion accelera- 
tion space; 2 5, ;is. provided: on he detector. • - - 

- side - of. the electrode 24 in spaced relationship 
therefrom^. An ^essentially =field-f ree -separation 

- or. time-of-flight- path 28Hs provided between 
.the electrode 26 and the ion. detector 18. The 
path 18. is enclosed land shielded by a cylindri- 

: cal electrode 30, made :of. thin, -perforated «. 
sheet, metal and has- a grid or mesh electrode 
31 at the end. facing the flange 10. The elec- 
trodes 26 "and . 31 are electrically connected ;to 
the cylindrical^ electrode 30, so that the path r-' 
28 is. substantially free of electrical fields. ^ 
-A laser 32 is provided. for: producing a radi- 
: ation beam which is focussed. into a focus 
,• region 34 within thevionisation space. The 
-Jaser may be ..a -.dye: laser, a frequency doubled" 
-dye laser or an excimer laser; Preferably, a 
\synchroneously pumped'dye laser irrcombina- 
tion with ^ri excimer laser^amplifier pumped by 
an argon laser is used, e.g. a- dye laser of the 
type Coherent -599, a- Lambda Rhysics type- *s 
.EMG .103 excimer:. laser, and an argon pump 
Jaser type CR.18 are used -to ^produce a radia-*' 
>tion beam rhaving ■ a wave-length :of 590 nano- 
meters -or, if frequency doubling's used, a ■■: on 
:.wave length of .295 nanometers? Lasers of ~* " 
this type are adapted to produce radiation i 
pulses having, a -duration 'down -to few picose* - 
. conds.:This: allows one" tocdetect also rela- - 
-lively unstable ^ molecules, suchcas ' 
metalloorganic compounds and. the like, with- 
out fragmentation (breaking up). While the - ~ - 
laser- radiation may be coupled ;into~the va- 
cuum system and the ion is ation space in a 
direction normal to the longitudinal axis of the 
-mass spectrometer system through a window 
provided ^ia the wall of the vacuum system 
'with which, the mass- spectrometer is* used, 
the preferred embodiment tiasi an entrace win- 
dow 35- in; the mounting flange.- The laser 
beam travels first essentially, parallel to the 
; longitudinal axis of the mass spectrometer, 
^and; then through the window to; a prism 36 
or -another, reflector, which* is provided on the^ 
: srde: of the -iohisation space*;20 and which 
defl.eets the beam: by 90°^ The .deflected beam 
is focussed. by a lens\38 (which may be inte- 
grally formed with the -prism .36) into the fo^ 
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ciis region 34 within/ the' idnisation space 20. 
Alternatively ra light' ; guide system as a light 
conducting fibre or rod or fibre-bundle may be 
Msed for directing the Jaser radiation into the 
vacuum 1 system and the idnisation space. 
^ The ions generated within the focus region 
34 are transferred tntb the acceleration space 
25 by a weak drift field typically of 100 volts 
between the electrodes 22 and 24, and then 
accelerated by an accelerating voltage of typi- 
: caliy about 2000 volts between the electrodes 
24 arid 26. Since the acceleration of a 
charged particle by an electric field d pends 
on the mass of theparticle, more specifically 
on -the ratio of e/rri, as J is well known, the 
ions enter the "separation path 28 through the 
grid electrode-26 with velocities which are in- 
versely proportional to the square root of the 
ratio of their charge e to their mass. m. Ions 
: with differing values of ^e/nr separate due to 
their differing velocities along the path 28 and 
arrive therefore at the ion r detector at differing 
times after the radiation pulse by which they 
are generated/ The principle of such time-of- 
flight *mass spectrometers is well known in 
the" art; no further explanation is therefore * 
- considered 5 necessary. - • 

Not^only the ions produced in the focus re- 
gion 34' are used for analysing the substances 
which are present in the ionization space, but 
also-used is the optical radiation (especially 
fluorescence radiation) emitted by the respec- 
tive 1 substances within the ionisation space. 
Thus, two different types of information can 
be simultaneously derived from a single laser 
radiation pulse'T ! sh'ot"), i.e. mass spectrum 
information : and optical-spectroscopic informa- 
tion. "For this c purpqse, the optical radiation 
emitted from the excited substances within 
the focus region 34 may be focussed by a 
•'"tensS 40 (which may be^a Fresriei lens) via a 
* prism 42 into -ja i light guide 44 (e.g. a fibr 
'bundle or monofilament light guide), which is 
: lead oik at 46 in aryair-tight manner through 
the" flange 10 to the outside of the vacuum 
space? -The radiation is then ? passed to a spec- 
troscopic apparatus 48 which separates the 
radiation on the basis of the wave-length by a 
diffraction' grating' or prism in a well, known 
manner. ' ; " - J 

A preferred -configuration of the mass spec- 
trometer jshown in Figure 1 "will now be de- 
scribed with reference to Figures 2 to 6. The 
same components- are provided with the same 
reference numerals as in Figure 1. 

The 1 vacuum or -inner side of the flange 10 
is provided with an annular t>oss 50, on which 
a metal tube is mounted. The metal tube has 
a cut-out 54 on its one side. An annular body 
56 is mounted on the end' of the metal tube 
52 remote from the flange" 10. The surface of 
the body 56 facing the flange 10 forms a seat 
means 58 for the ion detector 18. The seat 
means has an annular rib to' accommodate ion 
detectors of different commercially available 
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types. A seat 60 is formed on the side of the > 
body 5,6 which is ^r mote from .the flange 10. 
The seat 60 receives the ^electrode 31 ap&. 
supports one -end of ,a : perforated sheet met£l '-_ 
tube which forms the electrode .SOnfurtheis.j. ; 
four tioles are provided on this side, each re- 
ceiving a support rod 66. £ach support rod *:•*-. 
66 is fixed inihe respective -hole 62 by a j 
screw 64 which, is shown o;^ .schematically..: 
/As. .shown in-figure 3, the_.bo^y ^6 has a 
window 68 through -which 5 the J§ser beanrHs \ r 
projected and* which is aligned^ with the win*- ~ 
dow 35 (Figure; 1J.~ Further* Jhetcbody 56 has ~ 
an aperture 70 for- the light guide 44 (Figure?:? 
1) and" apertures 72 for ; electrical conductors^. 
76 (Figure 6) connecting to the^-elctrodes 22 - 
and 24. The , conductors 7,6 are insulated -by-. - 
glass tubes 74 r as best seen in Figures 5 and - 

As shown in Figure 4/- the ekrtrode 30, 
which surrounds jhe separation path 28, is-; 
seated with hs end remote from the ion de^ 
tector 18- in an : annular recess 78 of a gener- 
ally tube^shaped metal body^80, which is sup-{ 
ported by an integral flapge-82 on the rocfei r 
66._ The flange 82 can^beused for separating 
the vacuum space defined rby a tubular part 
(not .shown) of the. envelope of the vacuum ; 
system* surrounding the^ electrode system de- 
scribed and has*apertues .(not shoyyn) for-tbe- 
conductors 76, the laser jbeam and the light 
guide 44. The opening of ihe^coptal body 80 r 
which is.remote from the separation patrtc28..L . 
is provided with, the grid ^or mesh electrode = , 
26. : s , C . : 

.AH grid or mesh electrodes are preferably b ^ 
made of thin perforated nickel metal foils^ther- 
open. area is as; large as -possible and may in;; 
practice be. 80%. or more. sr ,. 5 - — . 

.An essentially square plate 84 of; stain less w .i 
steel is.seate<J ; oa tfi^rods 66-,iiear their -or- 
ends. The rods (trayerse^corresppnding holes 
near the- corners of the -plat% 8 \ : and are fixed?, 
.with .respeqt r to th&piate*by set screws 83. < 
The folate has -a center hole* iru which the lens „ 
40Js! seated. ^Insulating support ^members 86 , 
aW'attached. ^screws orv opposed edges of 
the plate 81 .^acb^f-the support members . 
has two apertures f o^ receiving bent support • 
wires 88 and 90, respectively (Figure 6) which 
are each connected to, the corresponding con^ 
ductbr 76 and proyidp.for mechanical support 
and electrical connection of the elctrodes 22 
and 24, respectively. - t : 

As.shown in. Figure 5 the glass tubes 74 
which, insulate the conductors 76 are held to 
one side of the edge of the-plate 22 /a 
spring clamp 92. A further spring c : ^ 94 is 
provided on the opposite side of tlu Ige f - 
the plate 92 f r positioning the light ;i.:ide 44. 
The prism 36 is supported on the plate 82aby 
appropriate uprights. 

The above described embodiment of the^ : ; 
"mass spectr meter measuring system --nay •* 
have an outer diameter of about 63 so 



_ * ..that it fits easily through^ Jnbunting flange f 

- v ca^usual vacuum systems The- system can be 

- -ct&sUy: adapted to d£ferem~ situations. It has 
h ** been .found that^ the length x>t the separation 

i .70 -path .28 is riot , very critical "and may vary be- 
? tween* 20 .crmand i.0©vcm -or more without 
s .r. impairing the»resolation :oi the time-of -flight 
; ^r^mass spectrometer beyowd a limit which is 
j-. ;) J , acceptable for many, applications. Thus, the 
75 distance between the. ionlsatidrr space 20 and 
: the: mounting flange * 10: can *be easily adjusted 

- :*ri byccutting:the perforated "sheet <Tnetal forming 
. - :ihe electrode 30 to the^deSirfed -length. The 
t i -other components, sudh-as"the r rods.66, the 

- . 80 gtess: tubes ^74 and so on, the lengths of 
. szc; which may also have to t>e adjusted to the 

- desired distance' between the ionisation space 
* r-20-and the/ mounting flange TO, can also be 

*\ \- easily ttrimmed loathe requiredilength. 

: 85 ^c^The electrodes ^2;^24;c26 and 30 of the 
:~td r^:3bov^descnibed:preferred embodiment of the 
.mvention^are made of <nicker. The laser 32 of 
. s j ihe; preferred uembbdiment is a synchroneously 
z, , pumped: dye lasefc type ^Coherent 599 followed 
c..i:90^ by an excimesr laser amplifier type Lambda 
vr r .C Physics EMG1^03 r pumped with an argon laser 
zs type. Coherent CR18. 3Tfie laser System 32 
; ~i: .3 produces radiation pulsesr having a wavelength 

*.:• \6 of: abeut^590^nahometeti-(orc if desired, after 
5 r ,95-rftequency doubling; a wavelength of about 

;^29& nanometers) and an iehergy*-of the order 
. s . .cof imicf ojoufes-"tor mrtHjoules ^pe/^pulse. The 
r. vc.riiiputefe length- Ms about dO.^jteoSfebonds and may 
u'^- jT ije even. ! shorters(e;g.^2 picofeecbnds or less) 
v;100 >tOfpreytentamdue fragmentation "of Triolecular 
:fTii-c ^substances'tataBwanatyz^d and*to allow the 

- ccfetectipn of the sovcaHed '-parent (or mother) 
t i~ iioh = A. pulse : length *of about ?10 picoseconds 

^^'-has been foeind'SoSbe^ari acceptable com- 
: .:105, :promiseL'between^costs aand the ^ detection sen- 
csitiyityriof.the pa^em-foriy since lasers for pro- 
educing. pulses?with lengths^ in the order of few 
; picoseconds arS.:£till rather expensive. If the 
e detedionx>f the: parent ion vis x>f lesser con- 
1/10 tcem,v hanger, pulseolengths yp io e.g.- 20 nano- 
-r. o:'b seMnds -may- be u^ed^ 'rTthe: costs are of no 
.-QOricecn, ■pulse^engths:Of , 2 picoseconds or 
, vtess\are preferred. c.rsvc-r-:f:5f: 

- a.- .Various .fnodifrcations 'Of the: -disclosed em- 
•1 15r*bbdiFnpntiwiU occiarrto'ithwse skilled in the art 
..-jwithaut. departing! from the s^opfe of the in- 
; venticm as tdefmed: bycthe appendent claims. 
; :Thas; the:electcodef22-may«-be affixed to and 
supported by: the plate : 82;"Tube' support 
r >v120 jnembers may be used 4 instead of the rela- 
: tively thin=solid*rods^6*A^td the conductors 

'for? connecting ^he electroites may extend 
r ■-: 'S't through these tubes which may* consist of an 
insulating* materiaU such. as* caramic. The elec- 
. 125 ;tcodes*22 and.24;may:b^anached>to the 
v. endsjbfah insulatingTtube- : orfm*ay each be 
■ .mbuhted on an individual itamless st el plate 
t corresponding: to* the plate*82; in this case the 
r -:: - .mounting wires 88vaTidi90 may be offset by 

- .130 90jdegrees-or mounted on individual' support 
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members 86 mounted on different sides of * 
.the respective plates. 

CLAIMS" * " : ~ 

5 1 . A mass spectrometer comprising an elec- 
trode system having>a, plurality of control elec- 
trodes (22, 24, 26, 30), defining an ionisation 
space (20) and an ton accelerating; space (25); 
a shield electrode* (3.6) surrounding a time-of- 
10 flight, separation path; (28); the ionisation 
-* ^ space (20), the acceleration space '(25) and. 
the separation path (28) being arranged in the 
order named along an axis; detector means _ 
(18) positioned at the' end of the separation " 
path (28) remote from the acceleration^.space_ 
(25); a. mounting flange "(10) provided with 
means (16) for electrical connection of the 
control electrodes and of the ion detector 
means; and the shield electrode (30) being re- 
movably mounted on support members (66) 
extending in the said axial direction. 

2. A mass spectrometer as claimed in Claim 
1 in which all of the control electrodes, and 
the detecting means, are supported in a canti- 
lever fashion from the mounting flange (10). 

3. A mass spectrometer as claimed in Claim 
1 or Claim 2 in which the ionisation space 
(20) is provided at the end of the -separation 
path (28) remote from the mounting flange ' 1 

.3CLU0). -L * 

4. A mass spectrometer as claimed in any * 
one of Claims 1 to 3 in which the shield elec- 
trode (30) has a tubular shape and is sup- 

. ported with .its ends in seat rpeans (60,. 78) 
formed by annular rpf mber3 '(56;;S0j, at Jea^t 
„one„(80) of the an ih'u far '. members, being remd-. 
yably mounted' oh the isupj3ortJm|»mbers (66). 

. S. L A mass spectrbmeterj.as claimed ifv .any " 
one "of the preceding claims in which the iohi 
zation space (20) is defined by a pair of the 
control electrodes, at least one of the control 
electrodes of the said pair being mounted on 
electrical conductors (88,90) which in turn are 
mounted oh a removable mounting member 
(82) supported by the support members (66).. 

6. A mass spectrometer as claimed in any 
one of the preceding claims-irv which the ends 
of the support -members -(66) facing the- 
mounting flange (lb) aref removably mounted 

50 on an annular end-support (56)," the annular, " 
end-support being mounted on the support 
flange (10) by means-of a tubula.r member ; 
(52) having a lateral aperture r (54). _ L „ 

7. A mass- spectrometer "as claimed in Claim 
6 in which" the annular eiicPsupport (56)uaiso * 
forms seat means (58) for the ion detecting * 
means (18). 

8. A mass spectrometer as claimed in any 
one of the preceding claims in which the sup- 
port members (66) are axially extending rod- 
shaped members. 

9. A mass spectrometer as claimed in any 
one of Claims 1 to 7 in which the support 
members (66) are axially extending tubes. 

10. A mass spectrometer as claimed in any 
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■one of the preceding claims in which means . 
are provided for allowing an ionizing radiation 
to enter the ionisation space (20) through the 
mounting flange (10). 

11. A mass spectrometer as claimed in any 
one of the' preceding claims having means 
(40, 42, 44) for coupling radiation out of the 
ionisation space (20). 

12. A mass spectrometer as claimed in 
Claim 1 1 including means for analysing the 
cqupled-out radiation. 

'* 13V A mass spectrometer as claimed in 
Claim .,11 or. Claim 12 in which the coupling- 
"out means (40, 42, 44)*; is adapted to guide 
-the ..radiation through/the rrjounting flange (10). 

14. A mass spectrometer as claimed in any 
one, of the preceding claims in which the dis- 
tance between if\e mounting flange (10) and 
the ionization space (20) "is adjustable. 

t5.4 A mass spectrometer as claimed in any 
one of the preceding claims including laser 
means for producing a laser beam directed 
into the ionisation "spaced the laser means be- 
ing adapted to produce radiation pulses of a 
duration of no more than about 10 picose- 
conds. 

1.6. A mass spectrometer as. claimed in any 
one of the preceding claims in which the shi- 
eld electrode is of perforated sheet metal. 

17. Ajnass spectrometer comprising an 
electrode system defining an ionisation space, 
an ion acceleration space, separation means 
and detector means positioned in the order 
.named along an axis ( means for ionizing a sub- 
stance within the. ionisation space, and means 

c for coupling out^radiation emitted in the ioni- 
sation space. \ . " 

18. A mass spectrometer as claimed in 
Claim 1 7 including' means for analysing the 
coupled-out radiation. 

19i A mass spectrometer as claimed in 
Claim 1 7 or Claim 1 8 in which the means for 
ionizing the substance comprises a laser (32). 

20. A mass spectrometer as claimed in 
Claim 1 7 in which the laser is adapted to 

- produce radiation pulses of no more than 
about .10* picoseconds in length. 

- r 21. A "foasSrSpectrometer substantially as 
specifically herein described with reference to 
the drawings. 
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